According to FAO concept of irrigation modernisation, to be effective, an irrigation system must be based on improved irrigation efficiency, reduced operation and maintenance costs and improved cost recovery based on raised agricultural productivity, with due consideration to the institutional and legal-related issues and environment protection. To make the irrigation system successfully upgraded, the project needs to undergo a comprehensive analysis of the factors that lead to the modernization.
Introduction
Agriculture accounts for 70% of global water withdrawals (UN, 2011). The estimations indicate that the potential water savings in the EU irrigation sector would amount to 43% of the current agricultural volume abstracted (Ecologic, 2007 Land Department is starting with the implementation of a project of rehabilitation, revitalization, reconstruction, modernization and construction of irrigation systems. Among the priorities of the project is the upgrading of hydro-system for the irrigation of the part of Negotin lowland (JVP "Srbijavode", 2014).
The subject of analysis in this paper are the causes for upgrading the Hs Negotin lowland and its profitable exploitation for irrigation in the future. The results should be used as feedback to ongoing and future irrigation modernization process in the region.
Data sources and used methodology
Research was based on IPTRID/FAO-AGLW methodological approach (2002) of addressing causes for irrigation modernization based on "4-branch tree" areas of concern: (1) technical, (2) socio-institutional, (3) economic-financial and (4) environmental ( Figure 1 ).
Figure 1. Causes for Irrigation Modernization
Source: IPTRID/FAO-AGLW Collaborative Initiative, (2002) .
According to the methodological guideline, it is not necessarily that all these elements need to be present in every modernisation process. What will be included depend of the sitespecificities and scope of modernization process at hand.
A number of scientific papers, reports and case studies on the modernization of irrigation schemes were analysed and quoted. 
Research results and discussion

Technical Causes for the Modernization
The Negotin lowland, measuring 16,000 ha, is located in eastern Serbia, on the border of Serbia, Romania and Bulgaria and belongs administratively to the Negotin municipality. The boundary of the north and east is the River Danube and the downstream of the Timok river basin, from the south the mountain hinterland of Timok and Jasenička rivers, and from the west the plateau in the direction of Prahovo -Samarinovac -Miloševo -Negotin.
Water availability
Climate-related factors. Negotin lowland has a continental climate, characterized by cold winters and hot summers. Autumn is warmer than spring. Average maximum air temperature for the area of Negotin in 1981-2010 ranged from 3.9°C (January) to 29.7°C (July) and the average minimum in the range from -3.1°C (January) to 16.6°C (July). The absolute maximum, recorded in the same period, was in July (42.6°C), while the absolute minimum was in January (-26.7°C). The average annual amount of rainfall is 613.6 mm (305.8 mm during the vegetation period). The average annual value of the reference potential evapotranspiration is 869.8 mm (693.9 mm in the vegetation period), (Table 1) . Water rights. The use of water for irrigation is carried out in accordance with the terms set in the water permit. Water permit regulates the manner, conditions and scope of the use of water for irrigation and shall be issued for a specified period, not longer than 15 years. The right acquired under the water permit can not be transferred to another person without the consent of the authority which issued water permit.
Agronomic-related issues
Soils. The most common type of soil in the lowland of Negotin is smonitza, which is mostly located in the cadastral municipalities (CM) of Dušanovac, Samarinovac and Prahovo and south from CM Kobišnica and CM Bukovče. Around the city Negotin and within a settlement of Miloševo, Kobišnica and Bukovče, to Timok and Danube, humogley soils and peatlands are present. Alluvial deposits are present along river flows. These soils belong to the third land capability class and with the use of agro-and hydromelioration measures provide high crop yields. Sandy soils cover Kobišnica plateau, and parts of CM Radujevac and CM Prahovo. Irrigation and fertilization increase the fertility of these soil types which is a good ground for the development of viticulture (Dinić, 1997; Hadžić et al., 2002 On the orchards (465 ha, of which intensive plantations 199 ha) are grown apples, plums, pears, walnuts, peaches, sour cherries and blackberries (RZS, 2013a).
The Negotin vineyards (798 ha, with over twenty family wineries) have excellent relief, microclimate and pedological conditions for vine growing and a centuries old tradition of winemaking . Production of quality wine in drought conditions require controlled irrigation (Popović, Živanović Miljković, 2012) . Krajina wine AD in early 80s of last century began with the raising of vineyard plantation with irrigation area of 1,000 ha. Due to business difficulties during the transition they planted only 200 ha, of which 100 ha were covered by the irrigation system. In dry years in irrigated area were possible to obtain yields higher by 30-35% than in non-irrigated area (SO Negotin, 2005).
The spacious meadow-pasture areas on the edge of the lowland (7,404 ha) enable the development of livestock grazing (51% of goats and 44% of sheep are in grazing system compared to 25% and 24% at national level), but a long, dry and hot summers do not favor the cultivation of forage crops, nor making meadow hay (Nikolić, Popović, 2010) . Animal husbandry is poorly developed (31 LU/100 ha to 59 LU/100 ha of UAA at the national level), (RZS, 2013a).
Yields. According to the evaluation of drought impacts on the crop yields in the eastern Serbia in the period 1989-2000, the average drop in yields was 40.9%, compared to the average annual yields in the years without drought (MESP, 2010). Major fluctuations in yields in recent years confirm the necessity of upgrading the irrigation system (Table 2) . 
Hydromelioration infrastructure
Of the total area covered by the Negotin lowland, 11,800 ha can be irrigated. This area is divided into two altitude zones. The higher altitude zone includes Kobišnica plateau altitude 40-80 m (CM Kobišnica and CM Bukovče) and the area west of the line Prahovo -Samarinovac -Miloševo with the altitude of 60 to 120 meters. Lower altitude zone, with an altitude of approximately 30-40 m covers the rest of the Negotin lowland. Land consolidation in this area was completed in 1985 year, except in CM Srbovo and CM Radujevac, and during this process the area for hydro-system completion was reserved.
Pilot project for construction of hydro-system for irrigation of Negotin lowland (1977) was based on the use of the existing pump station IHP "Prahovo'', consists of three mutually independent systems -pumping stations (PS): "Kusjak", "Radujevac" and "Kosno Grlo III", and is designed to cover an area of 1,100 ha of arable land dominantly owned family farms. The hydro-system consists of a main pipeline length of 13,500 m constructed of steel pipe of different diameters (600-250 mm). Secondary piping that carries water to the EP 2014 (61) 3 (739-757) Vesna Popović, Nataša Kljajić, Jonel Subić end users are built of PE pipes of different diameters (250-125 mm). Audit of the project by the "Hidroinvest DTD" in the Novi Sad (JVP "Srbijavode", 1996) were consolidated three existing independent systems in a distribution system. Basic approach in the choice of technical solution is the creation of a ring network as the basic skeleton of the distribution network which brings water to the secondary connections. This helps ensure consumer participation along the whole system in investment in the system as a whole. Source of water supply is the river Danube.
Advantage of the system is the construction in stages. So far, there have been built 9 secondary pipelines with total length of 6,450, and also 79 hydrant heads diameter 125 and 100 mm. One hydrant head covers three to five parcels depending on the size of parcel. The pipeline's operating pressure of 2.5 bar which gives farmers a wide variety of irrigation equipment. On the systems there are built other facilities -flow meters, valves, drains, manholes, etc. (DD ''HIDROINVEST'' DTD, 1996).
According to Spatial plan of Negotin municipality (Sl. list opštine Negotin, 16/2011), planned works on the extension of Hs Negotin lowland, covering all 11,800 hectares suitable for irrigation, have been divided into three phases. The first phase of construction is PS "Kusjak", capacity of 5 m 3 /s, upstream of the Kusjak dock, with pressure piping and basins in the hilly zone of Dušanovac. The construction of PS "Kusjak" with tank and distribution network would ensure irrigation of 70% above areas. However, the first phase includes the construction of 38% of maximum capacity consumption, meaning 1,560 l/s. At this level of development management system is simple since the charge piping is done from an open reservoir by gravity. A further demand for water will result in a pressure drop in the network and the need to involve in work PS "Kosno Grlo III." PS "Kosno Grlo III", capacity of 2 m 3 /s will enable the irrigation of 3,744 hectares in the two altitude zones and its construction is planned in the second phase, in addition to the existing drainage pumping stations, while the tanks, the ground conditions were located about 2.7 km from the pumping station. The third phase will be PS "Radujevac" upstream from Radujevac a capacity of 1.5 m 3 /s, with pressure pipeline to the tank, length 500 m, and allow irrigation of 1999 ha in the upper parts of the area. Upon completion of the irrigation Negotin lowland it would be secured to the pressure in the pipe from 5 bar and could be used by various modes of irrigation that meets the designed pressure.
Water management
Law on Waters (Sl. glasnik RS, 30/2010) found that Republic of Serbia realizes water management through relevant ministries, provincial and local administrations and public water management companies (PWMC). Lower Danube water area, which comprises the Hs Negotin lowland is in the responsibility of the PWMC "Srbijavode".
Public water management companies in water areas for which they are responsible, manage water resources and adjusted the water needs of different users; monitor, maintain and improve the water regime; manage water facilities for rivercources regulation and flood protection; menage drainage structures in public ownership, dams with reservoirs, locks on the canals and irrigation systems; organize and implement measures of protection from erosion, torrents and water pollution; prepare programs, plans and technical documentation, take care of water management information system and perform the obligations of international cooperation in the field of water management.
Public water management companies entrusted part of the maintainance works on water facilities to water management enterprises, organized largely on the territorial principle. With these enterprises public water management companies enter into long-term contracts for technical cooperation. Lack of funding in the last two decades has seriously jeopardized the functioning of the water management system in Serbia.
Socio-institutional Causes for the Modernization
Human resources
Outflow of residents abroad is characteristic of the municipality of Negotin. A large number of young people are living and working in Western Europe. According to the preliminary results of the Census of 2011, in addition to 36.879 residents, abroad is still 12,427 persons. The people abroad in a number of settlements, primarily in economically most vibrant areas called Danube Valley's development belt, exceed the number of those who live in them (Dušanovac, Mala Kamenica, Slatina, Mihajlovac). It is required a more active role of the state, local communities and associations of producers to encourage returnees from abroad to invest in agriculture and irrigation (RZS, 2011).
Holding population. The most members of agricultural holding in the municipality of Negotin are situated on the family farms (99%). The number of members per holding and educational structure of the holding managers are a serious development constraint. Although this is about slightly larger holdings than the national average (6.5 ha compared to 5.4 ha at the national level), just a small number of persons live and work there (68% of agricultural holdings have 1-2 persons and 28% have 3-4 persons), with low level of education (78.2% of holding managers have only practical agricultural experience, 0.3% agricultural courses, 3% have secondary agricultural school, college or faculty, and 18% other secondary school, college or faculty), (RZS, 2013a).
Farmer associations. Association of producers is necessary to overcome the existing limitations, which greatly hinder the development of profitable farming (small property, shortness of supply of inputs, low bargaining power of farmers in the purchase, lack of storage and processing facilities, the introduction of quality standards and branding, etc.). Negotin municipality has a century old tradition of cooperatives. Today, operate agricultural cooperatives: "Oilseeds" Negotin, "Prahovo" and "Jeremić" LTD, Prahovo, "Dinković" Kovilovo, "Poljokop" Jabukovac, "Radujevac", Radujevac, and "Spring" Šarkamen; specialized fruit-viticulture-vine cooperative in Smedovac and "Krajinska wine cooperative" Rogljevo; and agricultural associations of winemakers of Negotinska krajina, of fruit growers in Karbulovo, of livestock breeders of the municipality of Negotin and of beekeepers "Hajduk Veljko" in Negotin (SO Negotin, 2012). of resources and inputs in agriculture (fertilizer and pesticide use, control of seeds and plant materials quality, etc.). When it comes to irrigation, it is necessary, guided by the international experiences, to provide specialized consulting services in the area, either as a separate service, or a special section of the existing agricultural extension services, which would be financed from the budget or co-financed by the water users. Annual development program for advisory services in agriculture in 2014 (Sl. glasnik RS, 34/2014) stipulates for 5 of the 22 regional agricultural extension services the obligation of engaging advisors for meliorations, but not for Negotin agricultural extension service.
Water users' associations
FAO defines irrigation management transfer as a (full or partial) reallocation of responsibility and authority for management of irrigation systems from government agencies to nongovernmental organizations such as water users' associations (WUAs) at irrigation system or subsystem levels (Vermillion, Sagardoy, 1999).
World Bank's experts defined the process of institutional reforms in irrigation as a continuum of reducing government involvement and increasing participation by user associations and private sector service providers, where the attention should shift from individual institutional model to the the mix of models that can offer the best water service (Darghouth, 2007) .
The WUA usually governs and manages the system directly up to the tertiary or distributary level and in this case appoints or hire a few technically competent full time staff for seasonal work on water distribution, channel cleaning and collecting water charges. At higher hydraulic levels, it is common for WUAs (or Federation of WUAs) to handle only governance or oversight functions, while professional staff of WSP company owned or contracted by WUA handle operation and maintenance (O&M) service 8 . In order for the activities of WUAs to be economically viable it may be considered the formation of multifunctional WUAs, who would financed part of the O&M service costs with the profit from the secondary activities (provision of agricultural inputs, agricultural processing and marketing, etc.). WUAs or Federations of WUAs can also play a role in environmental policy advisory bodies (Garces-Restrepo et al., 2007).
Law on Waters (2010) regulates, in accordance with the separate law, the establishment of water users' associations of the interested parties in the melioration area or part thereof in order to provide conditions for various types of water uses and protection from the damaging effects of water. Law on WUAs in agriculture (draft) is primarily oriented to the establishment and operation of WUAs that will govern and manage minor irrigation schemes in order to ensure coverage of small holdings with irrigation systems and the legalization of the use of water for irrigation by these farms. 9 8 Including delegation of all the transferable irrigation and drainage functions to a third party under various forms of longterm public-private partnership arrangement (Darghouth, 2007 
Financial/Economic causes
Water tariff structure and irrigation sector financing
The concept of full cost recovery requires that water prices reflect the financial, environmental and resource costs of supplying water. Including concept of full cost recovery in agriculture is very complex. A key challenge lies in establishing water pricing that minimises impacts on farm income but incentivises water conservation and recovers a larger share of costs, including those related to environmental degradation (EEA, 2012).
As a result of the global economic crisis and associated budget restrictions, the budget appropriations and funds for the irrigation sector are reducing and there is a growing pressure to increase user involvement in the financing of O&M and capital costs of irrigation. This policy must be accompanied by the transfer of management to WUAs and increased transparency of water service providers, and implemented in terms of increasing profitability of irrigated agriculture (Svendsen, Turral, 2007) .
Among the different agricultural water pricing mechanisms in Europe, the most common are the two-part tariff (combining a flat rate and a unitary volumetric rate), and the tariff based on the irrigated area (Ecologic, 2007) . The fee based on a single price per unit of water is considered the first choice in terms of water savings, but it is rarely used due to the high cost of water metering. The effects of pricing policies on water demand and water savings depend on the price elasticity i.e. profitability of irrigated crops.
Water charges in Serbia are defined by the Law on Waters, and the amount per annum determined by government regulation. The area encompassing the Negotin lowland, provided the following charges for irrigation:
The charge for use of water resources. Payer is a legal entity, entrepreneur or individual, that pays the use of water for irrigation according to the volume of water (RSD/m User of water supplied through the high-pressure pumping station pays additional charge (RSD/l/s) of installed capacity of the pumping station used for his irrigated area.
If the equipement used are parts of the regional irrigation systems (such as Hs Negotin lowland), additional two-part tariff is charged -according the installed capacity (RSD/ha), and the engaged capacity (RSD/1000 m 3 or RSD/ha where there is no measurement device).
For the implementation of the project of rehabilitation, modernization and upgrading of irrigation systems, in addition to budgetary appropriations significant funding from foreign sources of financing are expected (IBRD/IDA, UAE). The use of these funds is conditioned by ensuring the relevant technological, and institutional requirements in terms of environmental protection in the water management sector, as well as economic conditions in the sector of irrigated agriculture.
Agricultural profitability
Irrigation allows higher cropping intensities (intercropping, etc.) and diversification of agricultural production toward higher value crops and niche products (fruits and vegetables, vinegrapes, etc.), thus providing stabilization and growth of farmers' income, foster entrepreneurship and producer associations and rise overall rural economy.
Calculating the margin of coverage based on the variable costs for different types of plant production serve as a basis for economic analysis and business planning on farm, in order to obtain high-quality products with the lowest possible production costs. The calculation based on the variable costs enables direct comparison of the financial performance of two different lines or phases of crop production with equal fixed costs, and a comparison of two or more different intensities of the same lines or phases of crop production (Subić et al., 2010) . Margin coverage is defined as the difference between the total value of production (value of the base product plus the value of by-products and subsidies) and proportionate variable costs, and in mathematical form is represented by the formula:
MC (margin of coverage) = VP (value of production) -VC (variable costs).
Regarding structure of agricultural production in Negotin lowland and using calculations cover margins based on the variable costs, in the analysis below a contribution of irrigation to yield and profitability increases in production of corn, potatoes and watermelon was evaluated. 10 In different production lines different effects achieved. However, common to all crops analysed is the increase in yields (revenue and profit growth) due to the application of irrigation, whose costs have not significantly affected the total amount of variable costs (Table 3) . Source: Author's contribution based on: Gavrilović, (2012).
Analyzing the effects of irrigation on selected crops, leads to the following observations:
• In corn production, irrigation has caused: -Growth of 100.00% yield and increase the production value of 93.16%; -Increasing the overall value of the variable costs of 25.71%; -Increase in profits by over 170%.
• In potato production, irrigation has occurred: -Growth of 200.00% yield and increase the production value of nearly 194%; -Increase in total variable costs of 8.78%; -Increase in profits of 739.74%.
• In watermelon production, irrigation has achieved: -Growth of 150.00% yield and increase in production by over 145%; -Increase in total variable costs for 6.11%; -Increase profits by 6,380.61%.
Given the specific examples, it can be said that irrigation contributes significantly to the growth of the profitability and competitiveness of the family farm. Given the costs, irrigation also leaves plenty of room for after covering variable costs, the remaining funds cover fixed costs and achieve positive financial results.
Environmental causes
Soil Degradation
Irrigation regulates water-air regime of soil and increase yields. However, despite all the positives, irrigation also has a negative consequences related to soil and ecosystems. Given the geological structure and the hydrological and pedological EP 2014 (61) 3 (739-757) Vesna Popović, Nataša Kljajić, Jonel Subić characteristics of Negotin lowland, the most common problems that occur due to improper application of irrigation and its application in unsuitable conditions are:
Waterlogging. There is increasing the level of ground water in the plant root zone and creates anaerobic conditions. The lack of oxygen causes the plants have delayed growth, yellow and die. This problem is most commonly regulated by drainage or application of other agri-melioration measures.
Salinization and alkalinization. Salinization is the process of accumulation of harmful salts in the surface soil layer. The reasons for this may be use for many years of irrigation water with high content of harmful salts, or taking salt from underground mineralized water. Dominated by sodium ions occurs alkalization process that contributes to poor water-physical and chemical properties of the soil. Raising the level of groundwater that leading to waterlogging process, can also lead to salinization and alkalization in the case of groundwater with higher concentration of salt.
Nutrient leekeage. It occurs when intensive irrigation cause nutrients descending in the deeper soil layers, impoverishing the soil and reducing its production capacity. This problem is usually solved by appropriate crop rotation, fertilization and adequate treatment of the land. From the perspective of the irrigation, this problem can be solved by proper setting of time and quantity of irrigation, thus reducing the deterioration of water-physical properties of soil and irrigation erosion phenomenon.
Irrigation erosion. Most common in surface irrigation methods (furrow and overflow). It can occur in sprinkling irrigation on sloping terrain and when the intensity of rain is not in accordance with the process of infiltration into the soil. Directly dependent on soil structure, so improvement of the structure and stability of soil structural aggregates prevents irrigation erosion.
Ecosystem Conservation. At sites where irrigation is applied there is increasing diversity and biomass of plants and insects, which can result in proliferation of insects harmful to crops (beetles, corn root worm, etc).
Conclusions
Economy of Negotin lowland is dependent on agriculture and agricultural productivity depends to a great extent on the construction of irrigation systems.
According to data of the Agricultural extension service Negotin, farmers who have used irrigation system in Negotin lowland during the previous decade testify of 2-5 times increased yields of some crops in relation to the average achieved in non-irrigated production.
Investing in the irrigation system construction is based on the existence of adequate technical, social, institutional, economic, financial and environmental conditions which have been discussed earlier in the text. The main benefits and constraints of Hs Negotin lowland construction will be summarized below.
Advantage of Hs Negotin lowland is the construction in stages. Agricultural Land Department of the Ministry of Agriculture has approved 113.7 million dinars to PWMC "Srbijavode" for the construction of irrigation system on 700 ha on the Negotin lowland in 2014. Thus, with the existing 450 ha will be completed pilot irrigation system "Prahovo" in the area of 1,150 ha, that started two decades ago.
To justify the investment it is necessary that a sufficient number of landowners and land users declare their intention to use the water from the irrigation system and, organized in a water users' association, participate in irrigation management.
Population decline and lack of funding are the major obstacle for efficient use of irrigation in agriculture in Negotin lowland. The construction of irrigation system as well as the budgetary support to irrigated agriculture and to entrepreneurship in agriculture and rural tourism can be a triggers for the decision of local farmers and entrepreneurs as well as of the people abroad to return home and invest their savings in agriculture, including the purchase of irrigation equipment.
Farmers and WUAs may use budgetary subsidies to irrigation in the frame of annual Program of work on protection, reclamation and use of agricultural land for the purchase of equipment for irrigation systems (compensation of 100% costs of constructing water intake and the primary network and subsidization interest on bank loans for the purchase of irrigation equipment). Budget funds intended for rural development support, cofinanced drip and sprinkler irrigation systems for the vegetable growers in the open.
Institutional constraints are also present. There is a delay in the adoption of the Law on water users' organizations in agriculture as well as poor results in the privatization of water management enterprises. The proposed nationalization of water management enterprises and the formation of weak WUAs, in the absence of complete legislative support, does not refer to progress in reducing the role of government in the management of irrigation for the benefit of water users associations and private water service providers.
Urgent action by the state, regional development agencies and local stakeholders is necessary in animation of local population and fostering revitalization of cooperatives and associations of producers and water users as well as additional involvement of extension services in irrigation. Agricultural extension service Negotin, covering the territory of municipalities Negotin, Bor, Kladovo and Majdanpek, has no advisor in the field of meliorations.
Considering the level and expected rise in water charges and in the rate of their collection on the one hand, and the higher yields in irrigated agriculture on the other, irrigation should be efficient, environmentally appropriate and profitable. It is not necessary to emphasize the importance of production structure adjusting and proper market analysis for farmer's decision-making related to irrigation. 
